This article reports a major complication of tibial tuberosity advancement with cranial fixation for the treatment of cranial cruciate ligament rupture in a Boxer. Twelve days postoperatively the dog underwent revision surgery for fracture of the tibia and tibial tuberosity. The tibial tuberosity fracture was secured to the tibial diaphysis using the 2 K-wires and a medial 3.5 dynamic compression plate was used to stabilize the tibial diaphysis fracture. The fracture was reduced and the plate applied using minimally invasive plate osteosynthesis to preserve the blood supply to the bone. Two weeks after revision surgery, the dog was using the operated limb without apparent lameness at a walk and trot. No complications were observed after revision surgery. Tibial tuberosity fracture and tibial diaphysis fracture as complications after tibial tuberosity advancement with cranial fixation healed with satisfactory clinical outcomes but revision surgery was required.
Introduction
Cranial cruciate ligament disease is one of the most common orthopedic conditions affecting the stifle joint in dogs.
1À3 Dynamic stabilization of the cranial cruciate ligament deficient stifle is commonly performed. 4À6 Procedures that advance the tibial crest to provide dynamic stability are commonly performed and include conventional tibial tuberosity advancement (TTA), TTA Rapid, OrthoFoam wedge modified Maquet technique, and TTA with cranial fixation (TTA CF).
7À12
Overall complication rates for the conventional TTA procedure range from 19% to 59% and for the TTA Rapid procedure is from 7% to 34%. 11À16 Major complication rates for conventional TTA range from 13 .4% (on 1613 dogs) to 19.8% 15, 16 and for TTA-Rapid from 4% to 7%. 11, 16 These complications include tibial fracture, patellar luxation, implant failure, late-onset meniscal tear, infection, hemorrhage, and wound dehiscence. Tibial fractures following TTA may occur in 1%-5.1% of cases. 14 Predisposing factors to complications include narrow distal osteotomy width and poor implant position. 14, 15, [17] [18] [19] [20] [21] Dog breed also plays important role as a predisposing factor, with Boxers more commonly affected by postoperative complications when compared with the other breeds. 22, 23 The influence of body weight on the development of complications is controversial. 17, 20 To our knowledge, only 2 clinical studies have been reported the treatment of tibial diaphyseal fractures following a modified Maquet technique for TTA. 24, 25 Tibial diaphyseal fractures following the TTA Rapid and OrthoFoam wedge modified Maquet technique were repaired with orthogonal locking compression plates from medial and cranial or caudal surfaces and a tension band wire to maintain the tibial tuberosity. 24, 25 One tibial diaphyseal fracture following a new modified Maquet technique was repaired using the 2 K-wires to stabilize the tibial tuberosity and a dynamic compression plate (DCP) to stabilize the tibial diaphyseal fracture. 24 The purpose of this study was to report the specific major complication and surgical repair of the tibial crest fracture combined with tibial diaphysis fracture in dog that had undergone TTA CF.
Case Description
A 4-year-old male Boxer (42 kg) was referred for assessment of left pelvic limb lameness. A diagnosis of cranial cruciate ligament rupture was determined based on a complete orthopedic examination, pain localized to the stifle joint, and together with positive cranial tibial thrust and cranial drawer test. Preoperative planning was undertaken on a lateral Digital Imaging and Communications in Medicine (DICOM) radiograph and TTA CF 7 was performed to stabilize the stifle joint. The 10 mm TTA CF cage was used to achieve the tibial tuberosity advancement (TTA) (Fig 1) . No bone graft or bone substitutes were used in the osteotomy fissure. Ten-minute lead walks, 3 times daily, were the only recommended activity during the initial 2-3 weeks after surgery. Twelve days postoperatively the dog jumped out the owner's car and presented for evaluation of a nonweight bearing lameness of the left pelvic limb. On examination, swelling of the proximal tibia was recognized. The tibia was painful during palpation. Standard orthogonal radiographs of the left tibia were obtained which revealed a transverse fracture of the tibial diaphysis and fracture of the cortical hinge resulting cranial displacement of the tibial tuberosity at the level of the Maquet hole (Fig 2) . The patient was premedicated with a combination of medetomidine (Cepetor, CP-Pharma Handelsges, Germany, 1 mg/mL) and butorphanol (Torbugesic, Pfizer Trading, Poland, 10 mg/mL). General anesthesia was induced with a combination of ketamine hydrochloride (Bioketan; Vetoquinol SA, Biovet, Poland) and diazepam (Relanium; Polfa SA, Poland) intravenous to effect, and maintained with 2%-3% isoflurane (Aerrane; Baxter, Poland, 100%) in oxygen. The patient was taken to surgery.
At the level of the Maquet hole, the tibial tuberosity fracture was secured to the tibial diaphysis using the 2 1.8 mm K-wires and a medially applied 3.5 DCP was used to stabilize the tibial diaphyseal fracture. The DCP plate was placed using minimally invasive plate osteosynthesis to preserve the blood supply to the fractured bone. 26 A medial surgical approach was selected. A proximal skin incision was initiated 2 cm below the stifle joint and extended distally to approximately 3 cm. An epiperiosteal tunnel was developed using blunt dissection with Metzenbaum scissors. A 3 cm skin incision was made over the anticipated distal location of the plate. The appropriate plate length and precontouring was performed using the contralateral limb radiograph. Postoperative radiographs confirmed appropriate implant positioning and fracture reduction (Fig 3) . A soft Robert-Jones bandage was maintained for 14 days after the revision surgery and strict limitation activity was suggested for the next 4 weeks. Physical and radiographic examination was performed at 2 weeks, 2 months (Fig 4) , and then 8 months after the revision surgery. After 2 weeks, subjective clinical outcome was classified as "good." After 2 months, clinical outcome was rated as "excellent" based on activity level without pain and owner's overall satisfaction with the presence of a bridging mineralized callus in the region of osteotomy below and above the implant and with clearly visible callus in the cortical bone (Fig 4) . Eight months after revision surgery, complete healing of the osteotomy was noted radiographically by the surgeon and functional outcome was reported as excellent by the owner as the patient was able to exercise without visible signs of discomfort or lameness (Fig 5) . No additional complications were observed after revision surgery.
Discussion and Conclusions
Described complication rates for TTA range from 11% to 36%. 13 is fracture of the tibial tuberosity, with an incidence ranging from 1% to 4%. 4, 13, 14, 27 Risk factors for tibial tuberosity fractures after TTA have been widely reported in previous studies. 6, 27, 29 Tibial tuberosity fractures after TTA surgical procedures are reported to result from poor plate and cage positioning as well as narrow width at the distal level of osteotomy. 6, 27, 29 Risk factors for tibial damage after modified Maquet technique coincides with the angle of opening of the osteotomy. The likelihood of tibial tuberosity fracture dropped below 5% with angles below 11°. 30 The slope of the 10.5 mm TTA Rapid cage is fixed at 12°with 58 mm osteotomy length. 11 The opening angle for 10 mm TTA CF cage is 9°, which corresponds to 68 mm in osteotomy length. 7 Reducing the opening angle increases the length of the osteotomy line which prevents tibial tuberosity fracture, but it may be a risk factor for tibial diaphysis fracture. This should be taken into account when performing TTA CF procedure especially in Boxers. A recent investigation of large and giant dogs reported that incidence of major complications following TTA surgery was 19.8%. 28 Moreover, Hans et al. reported the development of tibial tuberosity fracture in 5.5% of TTA cases. 31 Other studies have demonstrated a higher complication rate following cranial cruciate ligament surgery for specific dog breeds. 23 Incidence of major complications associated with cranial cruciate ligament surgeries in Boxer dogs was higher when compared with other breeds. The overall complication rate for the Boxers was 39.4%, compared with 14.6% in the control group. 23 In a study by Dantas et al., overall complication rate after TTA surgery in Boxer dogs was 38.9%, instead of 13.6% in the non-Boxer group. 22 Tibial tuberosity fracture developed in 5.5% of cases in the Boxer group vs. 0.37% of cases in the non-Boxer group. 22 Systematic reviews concerning surgical techniques to treat the tibial tuberosity fractures after TTA are currently available in the veterinary literature primarily as case reports or retrospective studies. 27, 28, 32 To our knowledge, there are limited number of reports describing diaphyseal tibial fracture treatment as a complication after TTA; 1 report describing tibial diaphysis fracture after TTA Rapid however the original TTA Rapid cage was replaced by a standard TTA cage during revision surgery and no report concerning a diaphyseal tibial fracture following TTA CF. 7, 24, 25 In this case, TTA CF implant was maintained during the revision surgery. In a study on 1613 dogs, major complications of TTA were recorded in 13.4% of cases. Of those, 8 of 1613 (0.5%) of cases sustained tibial tuberosity fractures and a diaphyseal tibial fracture developed in only 3 of 1613 cases (0.2%). 33 Moreover, previous studies focused on reporting a complication rates for tibial fractures without information regarding the treatment procedure. 24, 25 In 1 report, tibial diaphyseal fractures after the TTA Rapid and OrthoFoam wedge modified Maquet technique were repaired with 2 locking compression plates and in other tibial fracture after a new modified Maquet technique was repaired using a DCP plate. 24, 25 The authors adopted previously reported treatment techniques, maintaining the original TTA CF implant as a method of repairing a major complication after TTA CF surgery. This case report for the first time describes the occurrence and treatment of a major complication as tibial diaphyseal fracture related to TTA CF surgery.
In conclusion, tibial tuberosity fractures and tibial diaphyseal fractures as major complications of TTA CF may have a favorable prognosis following revision surgery.
